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(57) Abstract 

A radio telephone system is installed in an underground railway having adjacent railway stations (3, 4), served by respective base 
stations (1.2) which also serve adjacent lengths of an interconnecting tunnel bore (5). When an underground train (8) travels from the area 
served by base station (1) to the area served by base station (2), a telephone call from a mobile telephone (14) on the train is handed over 
from base station (1) to base station (2). The setting up of the call on one channel between the mobile telephone (14) and the base station 
(1) causes the infrastructure of the telephone system to reserve the same channel at the next base station (2), ready for the call handover 
procedure to be effected. 
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Tm.E: RADIO TELEPHONE SYSTEMS AND METHO DS OF OPERATION 

This invention relates to radio telephone systems and to methods of operation of such 
systems. 

The invention was devised to facilitate call handover in a radio telephone system installed 
in an underground railway system. At each railway station, a base station is located. The 
base station provides radio communication coverage not only for the area of the railway 
station but also for a length of tunnel bore extending to the adjacent railway station. As 
an underground train proceeds from one railway station to the adjacent railway station, a 
mobile radio telephone on a train moves from the area served by a first base station to an 
area served by the next base station. In order for the call in progress to continue, the call 
is transferred from the first base station to the next ba.se station, a process known as call 
- handover." — - ~ 

lrt cellular 'systemsa-cotnniJorn!/iTiethod;for handover is the use of base station voting. 
When nded f6r handover is suspected<= adjacent sites (ie adjacent base stations) put a 
receiver jo listen for the mobile telephone and measure the link quality. If some adjacent 
site offers beitcr link quality, a, t^lirfic channel is reserved and the mobile is commanded 
to that channel through the original site.. 

' . . • , 

In underground systems with leaky feeiicr cable this metHod cannot be used if the cable 
system consists of separate cable sections terminating in cut . ends. The signal disappears 
very quickly at the cable cut point and it is not possible to perform the voting and 
command the mobile telephone to a new channel. Furtherrhore, the signalling command 
and the change to a new channel cause additional disturbance and a break in the audio 
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path. 

Another way to perform handover is to let the mobile telephone measure the downlink 
signal level or quality and request handover when it seems ntecessary. This mobile- 
assisted handover can be performed as above with base station Voting which causes the 
same problems. 

The mobile telephone can also perform the actual voting or selecting of t!ie new site by 
measuring the signal quality on the adjacent site control cha;nnels. This way ihe voung 
receivers are not needed but the procedure is slow even if there are very few adjacent sites 
and the' channels kre precisely known. In cut cable systems the mobile does not have 
enough time to signal the need for handover at the target site beforie the bid site is Ibsit. 

The mobile voting handover performance can be improved by letting the mobile telephone 
transralit' and/or feceivb regularly during the call dh a special mbriitonngicharineh If it 
hears another site 6n that channel it dan request handover imiiiediafely thniiigh the tai-get 
site. Each site riiusi have a separate dcldicieited monitb^^^^^ 

that purpose. The regular sampling of the monitonhg' channel also causes continuous 
disturbance on the audio path. w ^ 

According to one aspect of the invention there is providbd a radio' telephone' ^^^^^^ 
comprising two base statiohs serving respective" areias and a mobile radio telephone 
movable wiih respect to the base stations iso that a^ the mobile radio telephone moves out 
of the area served by the first basl* itation 'ahd mto the airea' served by the second base 
station a call handover procedure is effected, and contrbr means' for controlling the call 
handover procedure such that the setting up of a call on one channel berA^een the mobile 
telephone and the first base station causes the reservistion of said one channel at the sedond 
base station, ready for the call handover procedure td be effected. ' ^ 

Preferably, the system is installed in an undergroiind railway system. In this case, the 
base stations may be located at adjacent railway stations of the underground railway 
system, a tunnei bore interconnecting the railway stations and being served by radiating 
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According to another aspect of the invention there is provided a method of effecting call 
handover in a radio telephone system, comprising setting up a call on an available channel 
between a mobile telephone and a first base station and reserving the same channel at a 
second target base station, ready for call handover when the mobile telephone moyes from 
an area served by the first base station to an area served by the target base station. 

On call handover, the channel may^be released at the first base, station but preferably the 
transmitter at the first base station i§ switched off and the receiver at. the first base station 
assumes the. standby mode. ,Pi;efjerably,.on qa]] set-up the channel is reserved at each^of 
a plurality of ppsisible tjarget base, stations, on call handover to a particular target base 
station the channel being released at the remaining target base stations. 

In the preferr.ed.enibQ^iroenU:.^^^^ nrionitors. received signal strength and 

tran^nriits a h^doyer iejf^qest sigriaj,, if ^.the reqeive signal , strength .falls below a 
predetermined leyeU .tJ^e^i^andpy^r fQj^uesx j^^^ detected at the target b^ase station 

and initiating call handover includiiigt^ies^^ on a transrnitter of the target base 

station and turning off the transmitter of the first base station. 

The. ne:w h^ndpyer.^n^ethod i??; optifnised for the underground, system where the adjacent 
site;s,4o not ii^terfe;re.yrith e-^ch other due to the cut cable principle. When handover is 
anticipated .then , the , same chaqjiel is resery^(J on 2^11 adjacent (target) sites. As the cable 
cut area is not completely free of jnlerfere^ same channel is used on both sides 

of the cutv ihe.iransiwtier on the Jtarget, sites is not switched on. 

The. receivers are all active and the audio signals arc added together in the systeni. When 
the mobile telephone approaches the cut. area its transmission can be heard from both 
receivers but there is no interference as the signals are summed after demodulation. In 
the uplink direction the handover becomes truly seamless. 

In the downlink direction the base station signal disappears quickly at the cable cut. The 



wo 98/3551 1 PCT/GB98/00369 

4 

system must be able to switch on the target site transmitter and switch off the old site 
transmitter at the right moment to prevent any break in the downlink audio path: 

In a semiduplex system this is readily accomplished while the mobile telephone is 
transmitting. If the target site hears the mobile transmission it can immediately switch the 
transmitter on. When the mobile telephone stops the transmission the handover is already 
completed- To prevent any erroneous handover attempts due to interference or noise the 
target site must identify the mobile telephone in a reliable way. 

The applicable technical standard requires the mobile telephone to send a special signalling 
message at the end of each transmission. This can be used for mobile identification if the 
transmitter switching is fast enough to enable full power output from the base station 
before the mobile telephone is able to receive. There are also other signalling messages 
used on the traffic channel during the call which can be used for this purpose and withoiit 
the timing constraint above. 

If the semiduplex mobile telephone is not transmitting it must detect the cable cut point 
and request the handover. It can be done by measuring the downlink signal level. If it 
drops below a specified level the mobile sends handover request messages until the level 
is increased. If the level stays low the call is released after several repeated attempts. 

As soon as the system recognises a handover request message from a target site it switches 
the target site transmitter on and the old site transmitter off to complete the Handover. 

The reservation of a standby channel and a hardware channel unit on all target sites is 
another problem. Even if there are enough channels available the generous reservation 
method may limit the system capacity. On the other hand the use of additional channel 
units requires more hardware and more costs. 

This problem can be helped with reducing the number of target sites and reducing the time 
that the standby channels are reserved. 
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The system holds a database of each user*s handover privileges and only reserves standby 
channels on allo\yed target sites. If there are many types of users in the same system it 
is possible to define several user profiles that define the handover capabilities. The 
privileges may allow handover to all adjacent sites, to a limited number of sites or to no 
other sites. 

As the principal users of an underground radio network are trains it is possible to predict 
the actual target site for the next handover. As the trains do not usually change direction 
the previous site is not a probable target site. The amount of crossings is very limited and 
so usually there is only one possible target site. Thus the handover channel is only needed 
there. . , . 

Some handportables which need to travel in any direction or route are given right to 
handover to any adjacent site. This means that handover standby channels need to be 
reserved on all of these sites. 

On the other hand many handportables do not leave the station area at all. These are 
denied any handover rights and no standby channels need to be reserved. Furthermore, 
these units may share the same channel on adjacent sites, as there is no possibility of 




The, time that the standby resources are reserved can be reduced if the actual handover 
moment can be predicted. The standby channels can then be reserved "at the last 
moment". 

Trains are bound to timetables and this may be used for predicting the handover moment. 
The accuracy depends on how punctual the trains are. 

A more reliable timing method could involve the ume that the train spends on each section 
of the track. The mobile telephone registers with standard procedures every time it 
changes from site to site. For each site the minimum time that the train must use on that 
section of the track can be calculated from the distance, the maximum speed and the 
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minimum stopping time. This "minimum site passing time" can be used to delay the 
reservation of the standby channel. Standby units are not reserved until, the minimum site 
passing time has elapsed after the registration to this site. 

If the station area is covered with a separate leaky feeder cable i; may be .possible to use 
a separate voting unit that is only connected to the station feeder and detect if the train is 
at the station. Thus the time it takes for the . train .to travel from the station to the cable . 
cut could be predicted more accurately. . ^ 

The mobile-assisted principle can be used also for predicting the handover moment. When 
the mobile telephone is able to, detect the approaching handover point it can signal it to the 
system with a special message. The mobile can use several methods for. this detection:. 

- >; :If the^average received signal Iqvel is steadily, decreasing the irain moving away 

from the station. 

- If the level drops belpw a certain level (pg; the: .level that, was naeajsuried when the 
mobile telephone registered to this site) the cable end is approaching. 

- If the level drops below the minimum .required jevel th^ cable c 

passed. It .mjiy be too late; to try., any ; signalling iq the, old site .so. leaying . the , 
standby channel reservation to this point is^ nsky. ^ . - . • . > ' 

- 1 vSpecial beacon transniitters can be located in the tunnel at a. proper distance from^- 

the cable cut. .This beacon is detected l)y; the separate, receiver and exact location;, 
can be given to the mobile. , : \ ?c. ; ' . ... v r 

The need for extra channel units due to the handover standby reservations can be reduced 
by. allowing the allocation, of these units to "real" calls on that site. TTie actual call 
handling capacity of the system is then not reduced due to the handover reservations but 
the probability of a failed, handover is increased. . - 
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If after a call release the channel units are reserved immediately for any (queuing) 
handover standby- ^se the limited hardware capacity is used in an optimum way.' 

The need for standby channel units can further be reduced by monitoring several standby 
channels in a time-shared fashion. 

The most straightforward implementation of the invention is the combination of a 
prediction of the target site and the immediate standby unit reservation with release 

possibility to other calls. 

..1' ' ■ y- ■' " ; - M •. • ■ i ... . ' . \.- ■ - . 

Radio telephone sysiemis according to the invention will now be described; by way of 
example, with reference- to the accompanying dra * ' 

' Figure 1 is a diagrariiWlatic Vepfi^kehtative of a first embodiment of the invention, 
and ' 

Figure 2 is k dia^rafhmatib'^rdptesentatioh of a second /embodiment of the 
inventioriV : • ^ ' . v • i • . 

Referring to Prgurfe 1 of the- drWingsi the radio telephone system comprises two base 
stktiioni l^--2 65nriected to 'a^ telepho'ne^^cxchahge 7 and respectively serving two adjacent 
railway stations 3, 4 of an undergrdutiid railway system. A tiinrtel bore 5 interconnects the 
railway stations 3 and 4 and a railway track 6 extends through the first railway station 3, 
through the tWnnel bOre 5 arid through the adjacent railway station 4, it being assumed that 
this corresponds to the direction t)T ttavfel of a train 8. A second tunnel bore (not shown) 
interconnects the railway stadons and provides for train travel in the opposite direction, 
ie from station 4 to station 3, 

A first radiating cable 9 extends from the base station I into the tunnel bore,> lerminaring 
in a cut end 10. A second radiating cable 12 extends from the base station 2 into the 
tunnel bore, terminating in a cut end 13 positioned adjacent to cut end 10. As the train 
8 proceeds through the bore, a mobile radio telephone 14 carried in or on the train 8 



wo 98/35511 PtT/GB98/00369 

8 

maintains a radio link with base station 1 by radio communication with the cable 9, which 
serves as an antenna. As the train approaches the cut end 10, so -the signal strength 
received by the mobile telephone 14 falls and, in order to continue communication 
between the mobile telephone and the exchange,, radio communication is transferred to the 
cable 12 in a call handover process. As the train passes through the region of the ciit ends 
10, 13, the received signal strength drops suddenly and handover must be effected rapidly, 
to prevent substantial interruption of the call. 

When communicating; with base station 1, the radio telephone occupies a particular 
frequency channel. According to the invention, whcn>call handover is anticipated, the 
same frequency channel has already been reserved at the next base station 2 (and possibly 
at additional base stations in a more complex railway network, see Figure 2). 

When voice' call set-up is completed successfully^ between the base station 1 and the 
telephone 14, the: radio system infrastructure ri-eserves/ the same channel asra standby - 
channel av the target base station 2 immediately.^ Asia result of thisjprioMreserVatiori, the 
receiver at the base station- 2 is in a stand-by mode listening for a signal on the reserved 
channel. The transmitter at base station 2 remains turned :off while the. receiver is. in 
stand-by mode. -^'-"^ ' • - ' . "'x-n'--^/..- Ia:. ' \ .b^. 

When a mobile telephone 14 loses field strength on the originahhase station L it sends a 
handover request message on the traffic channel The target base station 2, having a 
receiver on this channel, receives the message and caai now turn its transniitfer on and 
inform the infrastructure to change the channel unit on the >base station 1 to the . handover 
standby state. The infrastructure also releases any possible other handover standby 
channel units. : . * .' ; ; > i » . . > 

The handover request message is sent periodically by the radio telephone 14 while the 
received signal strength is under a particular level. If the radio telephone 14 does not get 
a better field strength during a predefined period, the mobile telephone releases itself from 
the channel. ..... 
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The system performs the handover also if the target base station 2 receives any other 
identifiable signalling message from the mobile telephone 14. 

The infrastructure decides to allocate a stand-by channel on a . set of base stations based 
on the . following data: underground train network structure, the mobile telephone 
handover privilege class and the sites where it operates at the mpment as well as the 
previous site. 

If the underground train system is divided into separate lines it may be possible to assign 
a mobile telephone to a single route sehiipermanently in the system database. Then only 
adjacent sites along that route need to be considered as possible handover target sites.. ; 

Mobile telephones in the form of handportable units are not tied to the same routes and 
their handover rights can be defined more freely. Some units may be given .handover 
standby channels on all adjacent: sites or a limited set of sites. Some units never need to 
leave their allocated station area and thus they do not need any standby channels. 

The above standby channel allocation can be implemented with look-up tables where for 
each "present" and "previous" site pair the possible target sites are listed. Each mobile 
telephone is connected to a particular look-up table and the needed "previous" site 
information is stored in the: system registration database. 

Another , possible implementation defines allowed roiites as sequences of. stations. Each 
mobile telephone is connected io.one..(or several) of these sequences, . 

A channel is allocated for standby channel use, if there is a free channel and a channel 
unit available on a "next" base station. If the channel or the channel unit is not available, 
the base station will get a- queuing status. A subscriber can get a standby channel to a 
base station with queuing status, if a channel or a channel unit from this base station is 
released. The infrastructure checks if there are any subscribers who, need this channel 
from this base station. If a siibscriber needs the channel, the channel is allocated for 
standby channel use. 
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If the subscribers are on the same semiduplcx call and they both need a standby channel 
on the same base station, the infrastructure can detect this and reserve the same channel 
for both subscribers. This way the channel capability is in more effective use. 

Handover will fail onto a site where there' is no channel unit and channel reserved as a 
handover standby channel. . ' / ' 

If soniie other call needs the channel unit or the channel; which is in standby channel use, 
the radio path management subsystem can release the^ thanncl for normal traffic channel 
use. It is not possible to release the channel for the stsmidby chatnnel use. 

Another method to improve the possibility of successfui handover is to change the used 
channel before handover, if the current channel is nbt available on thic "next" base* station: 

Figure 2 shows the invention applied to the intersection of two railway lines 15, 16 of an 
underground railway system. -The- line 15 has fan^Vay- static^ris 17^^ !^^ the line 16 i 

has railway stations 20,' IR and 22, the staition l8 being? the intersection point of the two' 
lines. ' ' ■ ^ •'• • ' • - . *:: ' 

As in Figure 1 each railway station has a radio base station with a cable radiating from 
the base station into the tunnel bore. A portable handset on the train 23 on the line 15 at 
the position shown is in radio communication with the base station at railway station 17. 
When this radio link is established, the system reserves the same frequency channel as a 
stand-by channel at each of the possible target base stations, which in this example are the 
base stations at railway stations 18, 19, 20 and 22. It is necessary to treat the base 
stations at railway stations 20 and 22 as possible target base stations because the person 
carrying the portable handset could change onto line 16 at station 18. If the mobile radio 
is mounted in or on the train itself, the system can of course be more selective in choosing 
target base stations. 

Reverting to the described example of the radio on the train being a portable handset, 
when a base station becomes a target base station, its receiver is placed in a stand-by mode 



wo 98/35511 PCT/GB98/00369 

11 

listening for a call from the portable handset on the reserved channel. The transmitter at 
each target base sttation remains off whilst the associated receiver is in the stand-by mode. 

When a receiver al a target base station, in this case the base station at railway station 18, 
receives from the portable handset a' call which is on the reserved chaniiel, has, a 
predetermined minimum signal strength and includes a satisfactory identification signal,, 
call handover is effected, ie the transmitter is turned on at the target base station and the 
call (now established between the portable handset and the base station at railway station 
18) continues. When handover is effected the base station at each of railwayc.stations 17., 
19, 20 and 22 becomes a targetvbase station. At each new target base^stationv the receiver 
is placed in stand-by or listening mode and the transmitter is turned off or remains off. 
It should be noted that the base station at. railway station 17 becomes, a target base station ^ 
because the carrier of -the portable handset might change trains at station 18 and travel in . 
the reverse direction towards railway station 17. 

The invention wa^Vdeviseid topfaQilitate callrhandover in a radio telephonje system installed 
in' an underground railway systemv -^^^^ methods can be adapted to other types of 
networks with some limitations. If the mobile telephones are moving mainly in one 
dimension (trains, highways, rivers) most of the inventive methods are applicable 
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CLAIMS 

1. A radio telephone system comprising two base stations each of which has a transmitter 
and a receiver and which serve respective areas, and a 'mobile radio telephone movable 
with respect to the base stations so that as the mobile radio telephone nibvbs out of the 
area served by the first base station and into the'areii served' by the second ba^e station a 
call handover procedure is effected,' and control means for controlling the call handover 
procedure such that the setting up Of a call on one channel between the mobile telephone 
and the first base station causes the receiver at the second base station to be in a stand-by 
mode listening for a call from the mobile radio telephone on said one channel, resulting 
iti^ reservation 6f said one channerat the second base station, ready Tor the call haliidbver 
procedure to be effected. ' ' ^ ^ ^ ^ . . 

2. A radio telephone system according to claim 1, wherein the control means are 
operative to cause the transmitter at the second base station to be switched off or to remain 
switched off, whilst the receiver at the sedbrid base stktion iV iii the stand-by mode. " ' 

3. A radio telephone system according to claim 2, wherein the transmitter at the second 
base station is switched on w^hen the receiver of the second' baSe station r^^ the 
mobile radio telephone a call which has a minimum predetermined signal streng 
which includes a satisfactory identification signal* 

4. A radio telephone system accofdiiig to Cliaim 3, whefcin the mobile radio telephone 
produces the identification signal when the strength of the signal received by the mobile 
radio telephone falls below a predetermined threshold. 

5. A radio telephone system according to any of the preceding claims, wherein the system 
is installed in an underground railway system. 
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6. A radio telephone system according to claim 5, wherein the base stations are located 
at adjacent railway stations of the underground railway system, a tunnel, bore 
intcrconneciing the railway stations and being served by radiating cables extending into 
the bore from the respective base stations. 

7. A method of effecting call handover in a radio telephone system, comprising setting 
up a call on an available channel between a mobile telephone and a first base station and 
reserving the .same channel, at a second target base station v/hcvt a receiver occupies a 
stand-by mode listening for a call Jfrom thc qiobile telephone ^on said one channel, ready 
for call handover .whpn the nipbil^^ielcphonc moves from an area served by the first base 
station to an area served by the target base station. 

8. A method according to claim 7, whqrein on call handover the transmitter at the first, 
base station is switched off and the receiver at the first base station assumes the stand-by . 
mode. 

9. , A method according. to claim 8^ wherein on call set-up the channel is reserved at each.^ 
of a plyraliity of possible on call handover to a particular target base^ 
station the channel being released at the remaining target base stations. 

1,0., A method according to claim 8 or 9, wherein the mobile telephone monitors received 
sjgnal^ strenglh and tran^ a hari^qver request signal if the received signal strength falls 
below a predetermined level, the handover request signal being d|etected at the target base 
station and initiating call handover including the steps of switching on a transmitter of the 
target base station apd swiiphing off the transmittcfr of the first base station. 
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(57) Abstract 

A radio telephone system is installed in an underground railway having adjacent railway stations (3, 4), served by respective base 
stations (1, 2) which also serve adjacent lengths of an interconnecting mnnel bore (5). When an underground train (8) travels from the area 
served by base station (1) to the area served by base station (2), a telephone call from a mobile telephone (14) on the train is handed oyer 
from base station (1) to base station (2). The setting up of the call on one channel between the mobile telephone (14) and the base station 
(i) causes the infrastructure of the telephone systwn to reserve the same channel at the next base station (2), ready for the call handover 
procedure to be effected. 
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